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Abstract
Programmed cell death protein 1/programmed cell death ligand 1 (PD-1/PD-L1) blockade are standard of
care for many patients with advanced or metastatic cancer. However, a majority of patients remain
resistant to these treatments. It has been reported that local oncolytic viral infection of tumors is capable
of overcoming systemic resistance to PD-1 blockade, and strongly suggest the combination therapy of
virotherapy with PD-1 blockade to improve therapeutic e�cacy in tumors that are refractory to checkpoint
blockade. We investigate the antitumor effects of an E1B55KD deleted oncolytic adenovirus H101, in
combination with a humanized anti-PD-1 monoclonal antibody Camrelizumab on cancer. Combination of
H101 with Camrelizumab demonstrated more potent antitumor effects than monotherapy in immune
system humanized NSG mice subcutaneous (S.C.) tumor model. Increased tumor in�ltrating T cells
including the total and IFN-γ-expressing CD8+ T cells in the combination treatment group were observed.
H101 infection induced decreased expression of CD47 on cancer cells, thereby promoting macrophage to
phagocytose cancer cells. With the activation of macrophage by H101, increased levels of cytokines
including TNF, IL-12 and IFN-γ were observed when induced THP-1 cells were co-cultured with H101-
treated cancer cells, which further induced increased expressions of IFN-γ in T cells. Eliminating the IL-12
by anti-IL-12 neutralizing antibodies abolished IFN-γ production from T cells, showing activation of
macrophages by H101 induced oncolysis to promote IFN-γ secretion of T cells via IL-12. Meanwhile,
infection with H101 induced upregulation of PD-L1 on YTS-1 cells. These results suggested that H101
works synergistically to enhance therapeutic e�cacy of PD-1 blockade on cancer by suppressing CD47
signaling, which may promote phagocytose of macrophages to tumor cells and activate CD8+ T cells.
Combination of H101 with PD-1 blockade would be a novel strategy for treating cancer.

Introduction
Worldwide, an estimated 19.3 million new cancer cases and almost 10.0 million cancer deaths occurred
in 2020 (1). Most patients with locally advanced or metastatic cancer are incurable with currently
available treatments. Immune checkpoint inhibitors (ICIs) alone or in combination with conventional
treatments, such as radiotherapy and chemotherapy have become an increasingly used therapeutic
option for many patients with advanced or metastatic cancer (2). However, a majority of patients remain
resistant to these treatments (3). Biomarkers to predict the response and development of combinatorial
strategies to improve the e�cacy of immunotherapy are needed to make therapy bene�cial for a larger
patient population. Several groups demonstrated that tumor response were correlated with expression of
PD-L1 (4) and increase of tumour in�ltrating CD8+ T cells (5). Thus, to induce PD-L1 upregulation and/or
attract CD8+ T cells into tumors by altering the immune-suppressive tumor microenvironmen would be a
strategy to enhance the e�cacy of immune checkpoint blockade.

Oncolytic adenoviruses with deletion of E1B-55kD or mutated E1A are able to replicate selectively in, and
kill cancer cells that have de�cient p53 or disrupted Rb pathway while sparing normal cells, known as
oncolytic virotherapy, are novel and promising potential treatments for cancer (6). However, a phase I/II



Page 3/18

trial of ONYX-015 (an E1B55 KD-deleted adenovirus) delivered by injection into the primary tumor to treat
pancreatic carcinomas showed modest antitumor activity especially used as a single agent although it is
feasible and generally well tolerated either alone or in combination with gemcitabine (7). Meanwhile, an
E1A mutated oncolytic adenovirus Delta-24-RGD has completed Phase I trials in patients with recurrent
high-grade gliomas and showed the virus was well tolerated (8). In the past two decades, many
preclinical studies demonstrated potent antitumor effects of oncolytic adenovirus on cancer, however, it
has not fully translated into clinical applications in cancer due to limited therapeutic e�cacy when
applied as a monotherapy (9). Recently, it has been reported that oncolytic viruses induced lyse of
infected cell can stimulate systemic antitumor immunity by release of danger associated molecular
patterns (DAMPs), pathogen-associated molecular pattern molecules (PAMPs), and cytokines lead to
maturation of antigen presenting cells (APCs), and then recruit CD4+ and CD8+ cells to destroy cells
expressing viral antigens on tumors (10). Furthermore, Newcastle disease virus (NDV) induced PD-L1
upregulation in both infected tumors and in tumors not infected by virus, and intratumoral therapy with
NDV sensitized the tumors to the e�cacy of PD-1 and PD-L1 blockade in tumor models (11).

In the present study, we investigate the antitumor effects of H101, an E1B55KD and partial E3 deleted
oncolytic adenovirus, which is the �rst and only adenovirus to be approved by the China State Food and
Drug Administration in 2005 for treating head and neck cancer, in combination with a humanized anti-PD-
1 monoclonal antibody Camrelizumab on cancer. Our study found that H101 infection induced
downregulation of CD47 on infected cancer cells, which promote macrophage to phagocytose cancer
cells. In vivo, combination therapy of H101 with Camrelizumab demonstrated potent antitumor effects
than single agent alone in mice S.C. tumor model. By analyzing tumors treated, we found that increased
tumor in�ltrating T cells, especially, IFN-γ-expressing CD8+ T cells in the combination treatment group.
Furthermore, increased expressions of cytokines including TNF, IL-12 and IFN-γ were observed in H101
treated or combination treated tumor tissues. These results suggest that H101 indirectly activate
macrophages and then induce the activation of T cells.

Materials And Methods

Cell lines
Human astrocytoma cell line U87-MG, human myeloid leukemia mononuclear cells THP-1, human
bladder cancer cell line T24 were purchased from the American Type Culture Collection (Manassas, VA,
USA). Human bladder cancer cell line YTS-1 (12, 13) was provided by the Department of Urology, Tohoku
University School of Medicine (Sendai, Japan). T24 and YTS-1 cells were cultured in RPMI-1640 medium
added with 10% fetal bovine serum (FBS) and 1% antibiotics (100 U/mL penicillin, 100 µg/mL
streptomycin sulfates). U87-MG cells were cultured in Dulbecco’s modi�ed Eagle’s medium (DMEM)
supplemented with 10% FBS and 1% antibiotics. THP-1 cells were cultured in RPMI-1640 medium
supplemented with 10% FBS, 1% antibiotics and β-mercaptoethanol (0.05mM). Induced THP-1 cells were
stimulated with 50 ng ml− 1 phorbol 12-myristate 13-acetate (Sigma-Aldrich, P8139) for 12 hours to
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induce M0 macrophages. All cells were maintained in humidi�ed incubator at 37℃ with 5% (vol/vol)
CO2.

Recombinant adenovirus
H101, a recombinant type 5 human adenovirus (also known as Oncorine) with a deletion of E1B55KD and
partial E3 region (14) was provided from Shanghai Sunway Biotech Co., Ltd. Viruses were transfected
into HEK293 cells to produce adenoviruses and the viral titer was determined by a standard plaque assay.

PD-1 inhibitor
Camrelizumab (SHR-1210) is a humanized IgG4 monoclonal anti-programmed cell death protein 1 (PD-1)
antibody (15) that was provided by Jiangsu Hengrui Pharmaceutical Co., Ltd.

Western Blot Analysis
Cells were collected and washed with ice-cold PBS for 2 times. Then cells were lysed by RIPA lysis buffer
(Beyotime, P0013B) added with 1mM PMSF on ice for 30 min.

The cell lysates were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (12%),
transferred onto PVDF membranes (Millipore, ISEQ00010). The membranes were blocked with 5% BSA in
PBST buffer and incubated with anti-CAR (Proteintech, 11777-1-AP) or anti-GAPDH (Abways Technology,
AB0036) antibody at 4℃ overnight. The next day, the membranes were washed with PBST buffer for 3
times and incubated with Goat Anti-Rabbit IgG(H + L) HRP antibody (MultiSciences Biotech Co., Ltd,
GAR007) for 1h at room temperature. The chemical signal was developed by UltraSignal ECL Western
Blotting Detection Reagent (4A Biotech, 4AW011-1000). Then the membrane was scanned using Tanon
4500 Gel Imaging System.

Cell apoptosis assay
U87-MG, YTS-1 or T24 cells were collected and washed with PBS. Cell apoptosis were performed by
Annexin V-APC/PI apoptosis kit (MultiSciences Biotech Co., Ltd, AP107) according to manufacturer’s
instructions.

Animal Studies
NSG mice (female, 6 weeks old) were purchased from GemPharmatech Co., Ltd (Jiangsu, China). Mice
were housed under speci�c pathogen-free conditions, and the experimental protocols were approved by
the Animal Care and Use Committee of the School of Medicine at Zhejiang University. In vivo treatments,
mice were injected subcutaneously 3 × 106 U87-MG, 5 × 106 T24 or YTS-1 cells on day 0. Tumor-bearing
mice received H101 treatments (2.5 × 107 pfu per tumor) via intratumoral injection every 2 days when
tumor volume reached 100 mm3. For the combination therapy, tumor-bearing mice received oncolytic
virus treatment (2.5 × 107 pfu per tumor) via intratumoral injection every 2 days and/or received 50µg
Camrelizumab treatment every 4 days when tumor volume reached 300 mm3. In some experiments, NSG
mice were intratumorally injected with 1 × 106 PBMCs isolated from peripheral blood of healthy donors.
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PBMCs were isolated with Lymphocyte Separation Medium (TBDsciences, LTS1077) according to
manufacturer’s instruction. Tumor sizes were measured by Vernier calipers every 2 days and tumor
volume was calculated by the following formula: volume = largest dimension × smallest dimension2 ×
0.5.

Immuno�uorescence and confocal microscopy
Tumor tissues were isolated on day 14 after inoculating. The tissues were embedded in Tissue-Tek®
O.C.T. Compound. Then, 10-µm-thick sequential frozen sections were cut using CryoStar NX50 (Thermo
Fisher). Then the sections were �xed by -20°C prechilled methyl alcohol for 10 min and permeabilized by
0.1% Triton-X-100. After blocking with 5% BSA and 3% goat serum in PBS. Primary antibodies anti-CD8
(proteintech, 60181-1-Ig) and anti-IFN-γ (proteintech, 15365-1-AP) were incubated overnight at 4°C. The
next day, cells were washed with PBS 3 times, and incubated with IFLUOR™ 488-(HUABIO, HA1211) and
IFLUOR™ 549- (HUABIO, HA1126) labeled secondary antibodies for 30 min at room temperature. After
washing 3 times with PBS, stained nuclei with DAPI (Invitrogen, D3571). The �uorescence signals were
detected by Olympus IX83 FV3000 confocal microscope.

Quantitative real-time PCR
Total RNA was extracted from cells using RNAiso plus (TAKARA, 9109). 600ng RNA was reverse-
transcribed into complementary DNA (cDNA) with the HiScript® II Q RT SuperMix (Vazyme Biotech co.,
ltd, R223-01) following the manufacturer’s instructions. Real-time PCR was conducted using ChamQ
Universal SYBR qPCR Master Mix (Vazyme Biotech co., ltd, Q711-02) and performed with CFX96 Touch
Real-Time PCR Detection System (Bio-Rad). The following thermal cycling conditions were used for PCR:
1 cycle at 95°C for 30 s, followed by 40 cycles at 95°C for 5 s and 60°C for 34 s. The data were analyzed
by the 2−ΔΔCt method.

Phagocytosis assay
Tumor cells were stimulated with oncolytic viruses at MOI of 1 for 24 h before being collected. The cells
were stained with CFSE (Invitrogen, C34570) according to manufacturer’s instructions. CFSE-labeled cells
were seeded into 6-well plates and co-cultured with induced THP-1 cells at 3:1 ratio. After 8 hours, all cells
were collected and stained with anti-human CD45 (BioLegend, 982304) to distinguish induced THP-1
from tumor cells. Then CFSE-labeled CD45+ induced THP-1 cells were detected by CytoFlex �ow
cytometer (Beckman Coulter, Brea, CA, USA). In some experiments, anti-CD47 (Bio X cell, BE0019-1) were
added into the medium at a concentration of 10µg/ml.

Measurement of cytokine levels
The concentrations of cytokine levels of induced THP-1 and tumor tissue were analyzed by ELISA kits
according to manufacturer’s protocols. ELISA kits for human IFN-γ (430104), IL-12 (431704), TNF-α
(430204), were purchased from BioLegend.

Flow cytometry
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Cells were collected and washed 3 times with PBS. After stained by antibodies of surfaces markers, cells
were permeabilized by IC Fixation Buffer (Thermo Fisher Scienti�c) and stained for the detection of
intracellular cytokine. Flow cytometry was performed on CytoFlex �ow cytometer (Beckman Coulter, Brea,
CA, USA) and data were analyzed by FlowJo software (TreeStar Ashland, OR, USA). The following
antibodies were used in staining cells: Fixable Viable Dye eFluorTM 520 (Invitrogen,65-0867-14),
phycoerythrin-conjugated anti-human CD8a (BioLegend, 301007) and allophycocyanin-conjugated anti-
human IFN-γ (BioLegend, 502511), allophycocyanin-conjugated anti-human CD45 (BioLegend, 982304).

Immunohistochemistry (IHC) analysis
Tumor tissues were isolated on day 7 after treatment. The Paraformaldehyde-�xed para�n-embedded
murine tumor tissue samples were sectioned (4 µm) and subjected to IHC staining with anti-IFN-γ
(proteintech, 15365-1-AP) according to the manufacturer’s instructions. Images of the sections were
acquired with BX63 Olympus microscope.

Statistical analysis
All statistical analyses were performed using GraphPad Prism 8.0 software. All data are expressed as the
mean ± s.d. values. Unpaired Student’s t test was used to compare differences between the two groups.
One-way ANOVA followed by the Newman–Keuls test was used to compare differences among multiple
groups. The log-rank test was used for survival analysis, and the Spearman rank-order correlation test
was used for Pearson correlation analysis. A difference was considered signi�cant if the P-value was < 
0.05.

Results

H101 inhibit tumor growth in a CAR-dependent manner
As CAR plays a key role in adenoviral infection and adenovirus induced oncolysis on target cells (16), we
used CAR-positive and CAR-negative cancer cell lines in the study. As shown in Fig. 1a, U87-MG cells has
a high expression of CAR, T24 cells has a moderate expression of CAR, while YTS-1 cells has little
expression of CAR. As expected, H101 induced apoptosis of U87-MG and T24 cells in a dose-dependent
manner and U87-MG showed higher apoptosis (Fig. 1b). However, H101 had no effect on the apoptosis of
CAR-negative cell line YTS-1 (Fig. 1b). Consistent with these results, H101 signi�cantly inhibited the
growth of U87-MG and T24 tumors and prolonged the survival of the corresponding tumor-bearing mice
(Fig. 1c, d). However, H101 did not give an antitumor effects on YTS-1 tumor-bearing mice (Fig. 1c, d).
These results indicate that the H101 inhibit the tumor growth depending on their CAR expression.

H101 synergize with anti-PD1 to enhance the antitumor
immunity
We next investigated whether H101 and anti-PD-1 have synergistic effects on tumor suppression. We
established U87-MG, T24 and YTS-1 tumor model NSG mice and these mice were simultaneously
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intratumorally injected with human peripheral blood mononuclear cells (PBMCs). H101 treatment
signi�cantly inhibited the CAR-positive cells U87-MG and T24 tumor growth, while anti-PD-1 treatment
inhibited the growth of all tumor models (Fig. 2a). Importantly, combination therapy of H101 with anti-PD-
1 produced more potent antitumor effects than single agent alone in all the tumor models tested (Fig.
2a). In addition, combination therapy prolonged the survival of all tumor-bearing mice (Fig. 2b).
Immuno�uorescence results revealed that combination therapy apparently enhanced the total and IFN-γ-
expressing CD8+ T cells in tumor tissues (Fig. 2c). These data suggest that H101 synergize with anti-PD1
to enhance the antitumor immunity.

H101 promote the macrophage phagocytosis by inhibiting
CD47 expression
Then, we sought to explore how H101 improve the antitumor effects of anti-PD-1. We �rst detected the
expression of some immune-related markers on U87-MG and YTS-1 cells after H101 treatment and found
that the expression of FAS, HLA-A and ICAM1 did not altered (Fig. 3a). Subsequently, we detected the
mRNA levels of PECAM and CD47 (responsible for “don’t eat me” signal of phagocytes) on H101 treated-
U87-MG and YTS-1 and found CD47 rather than PECAM expression was signi�cantly reduced (Fig. 3a).
We further con�rmed that CD47 protein level were decreased on both U87-MG and YTS-1 cells (Fig. 3b,
3c). CD47-mediated inhibition of macrophage phagocytosis leads to the loss of the �rst line of defense
against cancer cells (17). Therefore, we supposed that H101 probably improve antitumor effects of anti-
PD-1 by promoting macrophage phagocytosis of tumor cells. We induced THP-1 cells differentiated into
M0 macrophages and found that H101 promoted induced THP-1 cells to phagocytize U87-MG and YTS-1
cells (Fig. 3d, 3e). Then we neutralized CD47 with anti-CD47 and found that oncolytic viruses could no
longer increase the phagocytosis rate (Fig. 3f). These data suggest that H101 inhibited CD47 expression
of tumor cells surface, thereby promoting macrophages to phagocytize more tumor cells.

T cells are activated by macrophages activated by H101-
treated tumor cells
Subsequently, we examined whether increased phagocytosis of tumor cells can promote macrophage
activation, thereby enhancing anti-PD-1 effects. We found that induced THP-1 cells, co-cultured with
H101-treated U87-MG and YTS-1 cells secreted increased levels of cytokines including TNF, IL-12 and IFN-
γ (Fig. 4a). After stimulated with supernatants from these cells, CD8+ T cells released elevated IFN-γ (Fig.
4b). Then, we detected TNF, IL-12 and IFN-γ in tumor tissues and found that the levels of these cytokines
also signi�cantly increased in the lysates of tumor tissues from U87-MG and YTS-1 tumor-bearing mice
with combination therapy (Fig. 4c). Moreover, the immunohistochemical results also detected the
increased IFN-γ in the YTS-1 tumor tissues from mice with combination therapy (Fig. 4d). These results
suggest that H101 indirectly activate macrophages and then induce the activation of T cells.

Macrophage-derived IL-12 is responsible for IFN-γ secretion
from T cells
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IL-12 plays an essential role in the induction of IFN-γ in T cells (18). So, we determined whether
macrophages activated by H101-treated tumor cells can promote IFN-γ secretion from T cells via IL-12.
Actually, we found that anti-IL-12 neutralizing antibodies (anti-IL-12) abolished IFN-γ production from T
cells induced by macrophages phagocytizing H101-treated U87-MG and YTS-1 cells (Fig. 5a). Although
IFN-γ is responsible for the upregulation of PD-L1 on tumor cells (19), we found that H101 could directly
upregulate PD-L1 in infected YTS-1 cells (Fig. 5b). Therefore, H101 probably cause PD-1 signaling
activation in T cells, which supports the necessity of the application of anti-PD-1 after H101 treatment.

Discussion
Oncolytic virus induced antitumor immune response make it an attractive immunotherapeutic agent for
cancer therapy (20). Previous studies have shown that oncolytic virus has the potential to overcome
resistance to immune checkpoint blockade (ICB) (21). Furthermore, combination of oncolytic virus with
immune checkpoint blockade have shown great promise in the treatment of solid tumors although the
mechanism by which oncolytic virus induces antitumor immunity is still being explored (22). In the
present study, we investigated the antitumor effects of an oncolytic adenovirus H101 in combination with
PD-1 inhibitor (Camrelizumab) on cancer in a humanized immune system mouse model. Our results
demonstrated that combination therapy of H101 with Camrelizumab results in more signi�cant tumor
growth suppression than either agent alone. As virus induced antitumor immune arise from highly
destructive nature of virus infection within the tumor by release of cellular danger signals and tumor
antigens (23). We assessed virus-induced cytopathic effects of cancer cell lines by apoptosis analysis.
Our results demonstrated that H101 induced apoptosis in CAR-positive cell lines U87-MG and T24, but not
in CAR-negative cell line YTS-1. It is well known that CAR plays a key role in adenoviral infection, cancer
cells with little expression of CAR would resistant to adenoviral infection and oncolysis (16). H101
inhibited tumor growth and prolonged survival in CAR-positive subcutaneous tumor model administrated
intratumorally. However, CAR-negative tumor model were resistant to H101 treatment. Importantly,
regardless of the CAR, combination of H101 with systemic PD-1 blockade resulted in synergistic tumor
growth inhibition and prolonged the survival of tumor-bearing mice, when compared with each agent
alone. Immuno�uorescence analysis revealed more increased IFN-γ-expressing CD8+ T cells in
combination treatment group than H101 or PD-1 blockade treated tumor, con�rming enhanced antitumor
response exerted by IFN-γ-expressing CD8+ T cells. These results suggest that H101 infection recruit CD8+

T cells into tumor microenvironment (TME) and PD-1 blockade further activate CD8+ T cells to attack
tumor. It has been reported tumor in�ltrating T cells are associated with response to anti-PD-1 treatment,
patients without respond to PD-1 blockade therapy were more likely to lack CD8 + T cells inside the tumor
lesions (24). The strategy to attract CD8+ T cells into tumors by oncolytic virus may improve the
antitumor activity of PD-1 blockade therapy. Thus, H101 in combination with PD-1 blockade are
promising strategy for cancer immunotherapy. Previous studies reported that oncolytic virus induced
upregulation of PD-L1 in TME, and thereby synergizes with anti-PD-L1 treatment leading to better
therapeutic e�cacy (25, 26). Another study demonstrated that localized oncolytic infection abrogated
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resistance to systemic anti-PD-1 immunotherapy by upregulating PD-L1 on tumor cells and by eliciting a
broad-range T-cell attack against the neoantigen (27).

The mechanism of virus-triggered antitumor immune response needs to be further elucidated. We
detected immune-related markers in H101 treated cells and found viral infection resulted in
downregulation of CD47 in infected cancer cells, which promoted THP-1 cells induced phagocytosis of
cancer cells. Our results suggest, for the �rst time to our knowledge, that H101 may promote
phagocytosis of macrophages to viral infected tumor cells by inhibit CD47 on tumor cells surface. It is
well known CD47 plays an important role in tumor escape from macrophage-mediated phagocytosis
(28). Thus, to block CD47 expressions on cancer cells would enhance the antitumor immune response.
The strategies targeting CD47 including anti-CD47 antibody (29) and knockdown of CD47 (30) for cancer
therapy have shown that CD47 blockade signi�cantly increased macrophage in�ltration and
phagocytosis, thereby enhancing the antitumor response. As CD47 is also presence on normal cells, anti-
CD47 antibodies could kill normal cells and cause possible off-target effects, such as anemia,
thrombocytopenia, and leukopenia, limiting its clinical use (31, 32). Whereas H101 induced inhibition of
CD47 occurs only in tumors due to selective replication of H101 in tumor cells. It has been reported that
macrophages can prime CD8+ T cell responses in mice upon CD47 blockade (33). We presumed that
downregulation of CD47 by H101 would activate the T cell immunity by macrophages. We evaluated the
effect of macrophage-mediated T cell responses on H101 treated cells, and found that co-culture of
induced THP-1 cells with H101-treated cancer cells produced an increased expression of cytokines
including TNF, IL-12 and IFN-γ. Furthermore, addition of supernatant from the macrophages to CD8+ T
cells, we observed the elevated expression of IFN-γ. Likewise, the increased levels of TNF, IL-12 and IFN-γ
were observed in tumor tissues treated with H101 or PD-1 blockade, and combination of H101 with PD-1
blockade resulted in more further increase of those cytokines than that in single agents treated tumors.
These results con�rm the macrophage-mediated activation of CD8+ T cells by both H101 or PD-1
blockade. As macrophages express PD-1, activation of PD-1 signaling on tumor associated macrophages
by PD-L1 may suppress the ability of PD-1 + macrophages to phagocytose tumor cells (34). PD-1
blockade would promote phagocytose of macrophages to tumor cells and activate CD8+ T cells. The
strategies to combine immune checkpoint PD-1/PD-L1 blockade with innate immune checkpoint
CD47/SIRPα blockade are promising for cancer immunotherapy (35–37). Our study demonstrated that
combination therapy of H101 with PD-1 blockade signi�cantly inhibited tumor growth and prolonged
survival in a humanized immune system mouse tumor model. As IL-12 plays an essential role in the
induction of IFN-γ in T cells (18). We determined whether macrophage-derived IL-12 is responsible for IFN-
γ secretion in T cells, we found that remove of macrophage derived IL12 by anti-IL-12 neutralizing
antibodies abolished IFN-γ from T cells. These results showed that macrophages derived IL12 induced
IFN-γ secretion in T cells. It has been reported that IFN-γ may induce the upregulation of PD-L1 on tumors
(19). Interestingly, we found that H101 infection induced upregulation of PD-L1 on YTS-1 cells with
mechanism of uncertainty, which caused PD-1 signaling activation in T cells, supporting the combined
therapy with PD-1 blockade. Several reports also demonstrated that infection with oncolytic viruses led to
the upregulation of PD-1 in tumor cells and tumor-in�ltrating immune cells, and combination therapy of
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intratumorally administered oncolytic viruses and systemic PD-1 or PD-L1 blockade resulted in a marked
enhancement of the antitumor immune effect, leading to rejection of the oncolytic virus-treated and
distant, noninfected tumors (25, 38).

In conclusion, our study demonstrated that H101 works synergistically to enhance therapeutic e�cacy of
PD-1 blockade on cancer by suppressing CD47 signaling, which may promote phagocytose of
macrophages to tumor cells and activate CD8+ T cells. These �ndings support the important clinical
implications of combination therapy with H101 and PD-1 blockade in cancer immunotherapy.
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Figure 1

H101 suppress tumor growth by promoting cancer cells apoptosis. a. Western blot of CAR expression in
U87-MG, T24 and YTS-1 cells. b. Representative images (left) and annexin V/PI apoptosis detection
(right) of U87-MG, T24 and YTS-1 cells stimulated by oncolytic viruses at multiplicity of infection (MOI) of
0.5, 1 or 1.5 for 24 h. c, d. Tumor sizes (c) and mouse survival (d) of tumor-bearing NOD Prkdcscid Il2rg-/-

(NSG) mice inoculated with U87-MG, T24 and YTS-1 cells and received an intratumoral injection of
physiological saline solution or H101 (2.5 × 107 pfu per tumor). Representative results from three
independent experiments are shown (n = 3 in b; n = 5 in c, d). ns, not signi�cant; *P < 0.05, **P < 0.01, ***P 
< 0.001, ****P < 0.0001 (unpaired Student’s t test: a, b, c; log-rank test: d; mean and s.d.).
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Figure 2

H101 enhance the antitumor effects of anti-PD-1 via increasing IFN-γ. a, b. Tumor sizes (a) and mouse
survival (b) of U87-MG, T24 and YTS-1 tumor-bearing NSG mice that received intratumoral transfer of 1 × 
106 PBMCs and intratumoral injection of H101 (2.5 × 107 pfu per tumor) every 2 days along with
intraperitoneal injection of 50 μg Camrelizumab every 4 days. c, Immuno�uorescence analysis of IFN-γ in
tumor-in�ltrating CD8+ T cells of U87-MG, T24 and YTS-1 tumor-bearing mice that received intratumoral
injection of H101 (2.5 × 107 pfu per tumor) every 2 days along with intraperitoneal injection of 50 μg
Camrelizumab every 4 days. Representative results from three independent experiments are shown (n = 5
in all statistical groups). ns, not signi�cant; *P < 0.05 and **P < 0.01 (unpaired Student’s t test: a; log-rank
test: b; mean and s.d.).
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Figure 3

H101 inhibit CD47 expression to induce the macrophage phagocytosis. a. Real-time PCR analysis of FAS,
ICAM1, HLA-A, CD47 and PECAM mRNA expression in U87-MG and YTS-1 cells infected by H101 at MOI =
1 for 24 h. b, Gating strategies of Fig. 3c. c, Flow cytometric (FC) analysis of CD47 on U87-MG and YTS-1
cells infected by oncolytic viruses at MOI = 1 for 24 h. d, Gating strategies of Fig. 3e. e. FC analysis of
H101-treated (at MOI = 1 for 24 h) U87-MG or YTS-1 cells phagocytosed by induced THP-1 cells
cocultured for 8 h. f, FC analysis of phagocytosis of tumor cells treated with oncolytic viruses at MOI = 1
for 24 h cocultured with induced THP-1 cells at the existence of anti-CD47 (10μg/ml).

Representative results from three independent experiments are shown (n = 3 in all statistical groups). ns,
not signi�cant; *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 (unpaired Student’s t test; mean and s.d.).



Page 17/18

Figure 4

H101-treated tumor cells increased cytokines levels secreted by macrophages to activate T cells. a.
Enzyme-linked immunosorbent assay (ELISA) of TNF, IL-12 and IFN-γ secreted by THP-1 cocultured for 24
h with U87-MG or YTS-1 cells treated with H101 at MOI of 1.5 for 24 h. b. FC analysis of the rate of IFN-γ+

among CD8+ T cells stimulated with supernatants of induced THP-1 cells cocultured with H101-treated
(at MOI = 1.5 for 24 h) YTS-1 cells. c. ELISA analysis of TNF-α, IFN-γ and IL-12 levels in tumor tissues of
U87-MG and YTS-1 tumor-bearing mice received combination treatment of H101 (2.5 × 107 pfu per
tumor) with 50 μg of Camrelizumab. d. Immunohistochemical analysis of IFN-γ in the tumor tissues of
YTS-1 tumor-bearing mice received administration of H101 treatment (2.5 × 107 pfu per tumor) along
with anti-PD-1 therapy. Representative results from three independent experiments are shown (n = 3 in all
statistical groups). ns, not signi�cant; *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 (unpaired
Student’s t test: a; one-way anova with a turnkey post test: b, c, d; mean and s.d.).
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Figure 5

Macrophages promote IFN-γ secretion via IL-12. a. FC analysis of the frequency of CD8+IFN-γ+ T cells in T
cells stimulated by blank T cell medium (blank), supernatants of induced THP-1 (control), supernatants
of induced THP-1 phagocytizing oncolytic virus-treated U87-MG or YTS-1 without (virus) or with (virus +
anti-IL-12) 10 μg ml−1 anti-IL-12 neutralizing antibodies. b. FC analysis of the levels of PD-L1 expressed
on U87-MG and YTS-1 cells with H101 treatment at MOI of 1.5 for 24 h. Representative results from three
independent experiments are shown (n = 3 in all statistical groups). ns, not signi�cant; **P < 0.01 and
***P < 0.001, ****P < 0.0001 (one-way anova with a turnkey post test: a; unpaired Student’s t test: b; mean
and s.d.).


